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57 ABSTRACT 
An improved unloading and sequencing control valve 
for a two pump hydraulic system is adapted to be 
mounted directly onto the bearing carrier of a two 
section gear pump or at a remote location and con 
nected to the pumps by plumbing and is capable of 
operating in a flow sensing mode only, a pressure sens 
ing mode only, or a combination flow sensing and pres 
sure sensing mode. The control valve includes a remov 
able adjustable flow sensing orifice and is adapted for 
remote pressure sensing and remote pressure adjust 
ment as well as multiple selective preset flow sensing 
pressure to provide any desired unloading or sequenc 
ing pressure within limits of pump capacity. 

31 Claims, 17 Drawing Figures 
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1. 

MODULAR UNLOADING SEQUENCING 
SWITCHING WALVE ASSEMBLY FOR 

HYDRAULC SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to flow regulating valve assem 
blies for use in connection with hydraulic systems em 
ploying a pair of supply pumps, and more particularly 
to an improved modular unloading and sequencing 
valve assembly for use in such hydraulic systems. 

DESCRIPTION OF THE PRIOR ART 
Hydraulic systems of the type employing two fixed 

displacement supply pumps driven by a common vari 
able speed prime mover for supplying power for other 
uses are well known and conventionally employed, for 
example, on vehicles in which the propulsion engine is 
also employed to drive the pumps. The speed of opera 
tion of the pumps and consequently the supply of fluid 
from each pump varies directly with engine speed. Hy 
draulic systems of this type may employ pumps of dif 
ferent volumetric capacities, and a valving system is 
employed to combine the flow of one pump with all or 
a portion of the flow from the second pump at low 
speeds, and to divert a portion or all of the output of the 
second pump above some predetermined output of the 
first pump. Such valving systems may act as simple 
unloading valves to divert flow from the second pump 
back to sump or as a sequencing or switching valve to 
direct the second pump output to a different hydraulic 
circuit, sometimes referred to as a power beyond cir 
cuit, to be used in operating other apparatus. 
The prior art valving devices of this type generally 

have employed a flow regulating valve connected in the 
flow line from the second, or secondary pump, with 
means biasing the valve in a direction to combine the 
flow of the two pumps and means for applying fluid 
pressure to shift the valve against the biasing force to 
divert a progressively increasing amount of the output 
of the secondary pump as the output of the primary 
pump increases above some predetermined minimum. 
For example, Junck et al U.S. Pat. No. 3,154,921 dis 
closes a fluid pressure control system intended for use in 
hydraulic steering system and in which all or a portion 
of the output of a high capacity pump flows through a 
flow restricting orifice to be combined with the flow 
from a low capacity pump at low speeds, with the pres 
sure drop across the orifice being applied to a spring 
biased pressure relief valve in a manner to divert flow 
from the high volume pump back to sump when the 
pressure differential across the orifice reaches a prede 
termined level, 

Malott U.S. Pat. No. 3,289,688 discloses a flow di 
vider valve for use with a hydraulic system employing 
two pumps with the valve including a sliding spool 
valve member which is spring biased in a direction to 
combine the output of the two pumps at low speed or 
low pressure levels. The variable flow from the second 
ary outlet of the valve device may be directed to sump 
or to a separate pressurized hydraulic circuit. 

Fixed displacement gear-type pumps employing two 
separate pumps on a common shaft mounted in a single 
housing assembly are available commercially. Such 
pumps conventionally have a common inlet and may 
include an internal unloading valve assembly operable 
to divert all or a portion of the output of one of the 
pumps back to the pump inlet or to sump above prede 
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2 
termined flow or pressure levels. Such arrangements 
are not entirely satisfactory, however, in that building 
the valving assembly into the pump necessarily in 
creases manufacturing cost and can present difficulties 
in maintenance of the system. For example, when the 
pump becomes worn and has to be replaced, the entire 
assembly must be replaced. Also, access to the valving 
assembly for adjustment or maintenance is difficult and 
may require dismantling of the complete pump assem 
bly. 
Another deficiency of pumps with the unloader built 

into the pump is that many use short circuit unloading. 
Instead of diverting the fluid to sump, they internally 
divert the fluid directly back to the pump inlet. The 
return line cannot be intercepted for a filter installation, 
and the fluid from the secondary port is whipped back 
around the internal loop. No provision can be made to 
cool or filter the fluid in this loop, as the fluid whips 
around the internal loop at extremely high velocities. 
The result is short pump life and high maintenance 
COStS. 

In the known prior art flow regulating valve assem 
blies, various direct and indirect methods are used to 
control shifting of the flow regulating valve to achieve 
the unloading function. For example, movement of an 
axially or rotary movable spool may be controlled by a 
flow sensing device, or a pressure sensing device, with 
pressure fluid in the system supplying the force to shift 
the spool. The various arrangements are not inter 
changeable in a particular system, however, so that the 
known valve assemblies may not be readily adaptable to 
different hydraulic systems. Further, valve systems 
employing a fixed-sized orifice for detecting or sensing 
fluid flow may not be reliable in use. For example, when 
the primary pump loses volumetric efficiency as from 
wear during service, the output from that pump is re 
duced and as flow decreases, the flow control valve 
may not function properly due to an insufficient pres 
sure drop across the fixed orifice. 
Also a fixed orifice is sensitive to viscosity changes of 

the fluid. Seasonal changes, with associated climatic 
temperature changes, will shift the speed point at which 
the flow sensing orifice shifts the valve. An adjustable 
flow sensing orifice allows an operator to optimize 
performance by simply adjusting the orifice to compen 
sate for changes in fluid viscosity. 

In view of the foregoing and other shortcomings of 
the prior art devices, there exists a need for an improved 
valve assembly for controlling the unloading and se 
quencinq or switching of a hydraulic pump in a hydrau 
lic system employing two fluid supply pumps. Accord 
ingly, it is a primary object of the present invention to 
provide such an improved valve assembly which is both 
economical to manufacture and reliable in operation. 
Another object is to provide such an improved valve 

assembly of modular construction to enable the assem 
bly to be utilized in various hydraulic systems employ 
ing different methods for controlling the regulating 
valve. 
Another object is to provide such an improved valve 

assembly which is universal in construction and can be 
mounted directly to a two-gear section pump having a 
dual outlet bearing carrier to thereby eliminate plumb 
ing between the pump and control valve assembly or 
alternatively may be mounted at a location spaced from 
the pumps. 
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Another object is to provide such a valve assembly 
which will function in all unloading and power beyond 
circuits and in which the valve operation is independent 
of operating pressure levels in the primary or secondary 
valve outlet ports. 5 

SUMMARY OF THE INVENTION 

In the attainment of the foregoing and other objects 
and advantages, an important feature of the invention 
resides in providing a flow control valve assembly 10 
which will function either as an unloading or a sequenc 
ing valve in a two pump hydraulic system and which 
employs a universal valve body assembly adapted to 
receive removable modules to adapt the valve assembly 
to any one of several methods of operation. For exam- 15 
ple, the valve assembly may be employed in a flow 
sensing, a pressure sensing, or a flow and pressure sens 
ing mode and may be adapted for remote adjustment 
and for multiple pressure sensing adjustment. Further, 
when operating in a flow sensing mode, means are pro- 20 
vided for adjusting the flow sensing orifice to compen 
sate for loss in pump volumetric efficiency and thereby 
maintain the control integrity of the system. 

In a preferred embodiment of the invention, the valve 
assembly includes a monolithic valve body having a 25 
system of bores formed therein to define the necessary 
chambers and fluid passages. Mounting bolt holes and a 
mounting face are provided to enable the entire assem 
bly to be mounted directly onto the bearing carrier of a 
two gear section pump with separate fluid inlets com- 30 
municating with the fluid outlets of the two pump sec 
tions. 
When the flow control assembly of the present inven 

tion is used in a flow sensing mode, an adjustable flow 
sensing orifice is mounted in the valve body in commu- 35 
nication with the primary pump output and the size of 
the orifice is adjusted to the primary pump drive speed 
where it is desired that the secondary pump will be fully 
diverted to the secondary outlet port. The flow sensing 
orifice is externally adjustable to enable easy and precise 40 
control under different operating conditions, to com 
pensate for pump wear, seasonal changes in fluid viscos 
ity, or the like. 
When the assembly is operated in a pressure sensing 

mode, the adjustable flow sensing orifice can be re- 45 
moved and a plug mounted in its opening, and a fixed 
orifice and pressure sensing relief valve assembly in 
stalled in an internal fluid channel leading to one end of 
the spool valve employed to control diversion of the 
secondary pump outlet. 50 
When used in a pressure sensing mode, provision may 

also be made for remote pressure control by use of a 
remote pressure relief sensing valve, with the remote 
pressure relief sensing valve being connected to one or 
more spring relief valves at the control valve assembly 55 
whereby one opening pressure level can be set at the 
pressure sensing relief valve on the control valve and ) 
another pressure set at the remote pressure sensing relief 
valve. Preferably, the remote pressure sensing relief 
valve can be readily adjusted at the remote location 60 
such as in the operator's cab of a vehicle on which the 
hydraulic system is installed. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will 65 
be apparent from the detailed description contained 
hereinbelow, taken in conjunction with the drawings, in 
which: 

4 
FIG. 1 is an isometric view of a two gear section, 

fixed-displacement hydraulic pump having the im 
proved unloading and sequencing control valve of the 
present invention mounted directly thereon; 
FIG. 2 is an isometric view of the valve assembly 

shown in FIG. 1, taken from a position substantially 
diametrically opposite to FIG. 1; 
FIG. 3 is a front elevation view of the valve assembly 

shown in FIG. 1; 
FIG. 4 is an end elevation view showing the left end 

of the structure shown in FIG. 3; 
FIG. 5 is a view similar to FIG. 4 and showing the 

opposite end of the valve assembly; 
FIG. 6 is a top plan view of the structure shown in 

FIG. 3; 
FIG. 7 is a bottom plan view of the structure shown 

in FIG. 3; 
FIG. 8 is a rear elevation view of the valve assembly; 
FIG. 9 is a sectional view taken along line 9-9 of 

FIG. 3; 
FIG. 0 is a sectional view taken on line 10-10 of 

FIG. 3; 
FIG. 11 is a sectional view taken along line 11-11 of 

FIG. 3; 
FIG. 12 is a sectional view taken along line 12-12 of 

FIG. 4; 
FIG. 13 is a fragmentary sectional view taken along 

line 13-13 of FIG. 3; 
FIG. 14 is a flow schematic of the flow control valve 

assembly used in connection with two fixed displace 
ment supply pumps; 

FIG. 15 is a fragmentary sectional view of a portion 
of the valve structure employed in combination with a 
remote relief valve; 
FIG. 16 is a fragmentary sectional view showing a 

further embodinent of the invention employing multiple 
pressure sensing with remote control; and 
FIG. 17 is a fragmentary sectional view similar to 

FIG. 9 and showing an alternate embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings in detail, an unloading 
and sequencing valve assembly according to the present 
invention is indicated generally by the reference nu 
meral 10 and illustrated in FIG. 1 as being mounted 
directly on the dual outlet bearing carrier to a two-gear 
section pump 12 of the type manufactured by Commer 
cial Shearing, Inc. of Youngstown, Ohio. Valve assem 
bly 10 is shown as including a monolithic valve body 14 
mounted directly to the housing of pump 12 by four 
mounting bolts 16 so that the primary and secondary 
pressure fluid inlets 18, 20 (FIG. 2) of the valve body 
communicate one with each pump outlet port of the 
dual pump 12. As shown in FIG. 1, a pressure fluid hose 
22 is connected to the primary valve outlet passage 24 
and a similar hose 26 is connected to the secondary 
valve outlet passage defined by a bore 28 extending into 
housing 14. 
A first pressure gauge 30 is connected in a drilled 

passage 32 communicating with valve body inlet 20 to 
continuously indicate secondary inlet pressure (Po) and 
a second pressure gauge 34 is connected in a drilled 
passage 36 (see FIG. 4) communicating with the pri 
mary inlet 18 to continuously indicate primary pump 
pressure (P1). A third pressure gauge 38 connected in 
drilled passage 40 (FIG.S. 7 and 11) which communi 
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cates with primary outlet 24 to continuously indicate 
primary valve outlet pressure (P2). It should be under 
stood that any one or more of the gauges 30, 34 or 38 
may be omitted, in which case the drilled passage in the 
valve body leading to the gauge not used would be 
plugged. An external drain line 44 connected in drilled 
passage 46 provides drainage to sump from a pressure 
reliefsensing valve assembly 48 mounted, as by bolts 50, 
on the top surface of valve body 14. 
As best seen in FIG. 9, pressure fluid from the sec 

ondary pump is directed through inlet passage 20 into a 
spool valve chamber 52 defined by an elongated bore 
extending completely thorugh valve body 14. An axi 
ally slidable valve spool 54 is mounted in chamber 52 
and retained therein by end caps 56, 58 mounted on the 
end faces of valve body 14 as by bolts 60. Spool 54 has 
an annular recess or metering groove 62 formed around 
its central portion and an axially extending bore 64 
formed in one end. A coil spring 66 is mounted in bore 
64 and has one end bearing against end cap 58 to contin 
uously bias spool 54 toward end cap 56. The end walls 
of valve spool 54 cooperate with the walls of chamber 
52 and caps 66, 58 to define a pressure chamber at each 
end of the spool valve. Similarly, groove 62 cooperates 
with the walls of chamber 52 to define a movable flow 
chamber located between and isolated from the two 
pressure chambers. 
A large bore or recessed chamber 68 extends gener 

ally parallel to outlet 28 and communicates with the 
spool valve chamber 52, with bores 28 and 68 being 
spaced apart along the axis of the chamber 52 and lo 
cated one on each side of the axis of secondary inlet 
passage 20. A one-way check valve 70 is threadably 
mounted in bore 68, and primary outlet passage 24 ex 
tends at right angles to and communicates with bore 68 
downstream of the check valve. 
As best seen in FIGS. 1 and 10, primary inlet 18 is 

defined by a passage extending completely through 
valve body 14, and an adjustable flow sensing orifice 
assembly 72 is threadably mounted in and closes the 
outwardly directed end of the primary inlet passage 18. 
Primary outlet passage 24 intersects passage 18 down 
stream of the adjustable flow orifice of assembly 72, 
thereby providing a continuous flow passage from the 
inlet through the adjustable flow sensing orifice 72 to 
primary outlethose 22. An externally accessible adjust 
ing screw 73 enables adjustment of the size of the flow 
restricting orifice in assembly 72. 

In the flow sensing mode of operation, fluid pressure 
from upstream of the adjustable flow sensing orifice 
(P1) is supplied through a first pilot pressure passage to 
the pressure chamber opposite the biasing spring 66, and 
fluid pressure from downstream of the adjustable orifice 
(P2) is supplied through a second pilot pressure passage 
to the pressure chamber containing the spring 66. The 
first pilot pressure passage includes a drilled bore 74 
which intersects gauge pressure passage 36 which, in 
turn, intersects primary inlet passage 18 upstream of the 
flow sensing orifice and a second drilled bore 76 which 
intersects bore 74 and terminates in an open end com 
municating with a passage 77 in end cap 56. P2 pressure 
supplied to the opposite end of valve spool 54 through 
the second pilot pressure passage assists biasing spring 
66 in urging the valve spool toward end cap 56 to pro 
vide a fluid flow passage from inlet 20 around the annu 
lar groove 62 and valve spool 54 to bore 68, then 
through check valve assembly 70 to be combined with 
primary pump outlet flow in outlet passage 24. The 
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6 
second pilot pressure passage includes a drilled bore 78 
providing communication between inlet chamber 18 
downstream of the adjustable flow sensing orifice as 
sembly 72 and a filter cavity 80 adapted to threadably 
receive a removable filter assembly 82 including a filter 
element downstream of bore 78. Downstream of filter 
82, filter cavity 80 communicates with drilled P2 gauge 
passage 40 which extends completely through valve 
body 14 and terminates in an open end. A further drilled 
bore 84 formed in the valve body intersects flow pas 
sage 40 and communicates with a drilled passage 86 in 
end cap 58 to complete the path of P2 pressure to the 
spring biased end of the spool valve. 
The open end of P2 passage 40, i.e., the end opposite 

the P2 gauge 38, provides P2 pressure to the pressure 
inlet port 90 of adjustable pressure sensing valve assem 
bly 48. As best seen in FIGS. 3 and 16, valve assembly 
48 includes a conical valve member 92 normally urged 
into seating relation with an annular valve seat 94 by a 
resilient coil spring 96. A threaded external adjusting 
knob assembly 98 is provided for selectively adjusting 
the spring force on valve member 92 and therefore the 
opening pressure of the relief valve. The relief valve has 
a drain 100 which communicates with an internal drain 
bore 102 extending into the top of valve body 14 and 
terminating in communication with the external drain 
bore 46. 

Pressure relief valve assembly 48 may also be drained 
internally when the secondary outlet is not pressurized. 
To accomplish this, a drilled passage 104 is formed in 
valve body 14 in position to intersect external drain 
bore 46 and secondary outlet bore 28, and a plug 106 
closes the outer end of passage 104. When internal 
drainage is employed, external drain line 44 is removed 
and drain passage 46 is plugged. Conversely, when 
external draining is desired, the secondary outlet 28 may 
be isolated from the drain by inserting a removable plug 
(not shown) in the reduced diameter threaded section 
106 of passage 104 between external drain bore 46 and 
secondary outlet bore 28. External draining is required 
when the assembly is used in a power beyond circuit 
wherein the secondary outlet hose 26 is pressurized. 
As seen in FIG. 11, passage 40 also has an internally 

threaded, reduced diameter portion downstream of 
filter cavity 80 and a removable pipe plug 108 is 
threaded into this section when the assembly is used in 
a pressure sensing mode. Plug 108 has a small diameter 
passage extending therethrough to provide a fixed ori 
fice 110 capable of producing a pressure drop upon flow 
of fluid through the orifice. 
As will be apparent from the above, the unloading 

and sequencing valve of the present invention may be 
employed either as a flow sensing or a pressure sensing 
control valve. When operated in the flow sensing mode, 
the pressure sensing relief valve 48 functions only as a 
relief valve and will not interfere with flow sensing 
operation so long as the opening pressure of valve 48 is 
set sufficiently high. Also, in this mode, plug 108 is 
preferably removed. 

Referring now to the flow schematic of FIG. 4, 
when the valve assembly 10 is operated in the flow 
sensing mode, the adjustable flow sensing orifice 72 is 
set to produce a pressure drop across the orifice which 
will result in secondary pump flow being fully diverted 
to the secondary outlet port at the desired speed, and 
consequently the desired flow rate, of the primary 
pump. The total output from the primary pump contin 
uously flows through the orifice assembly 72 and into 
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the primary valve outlet 24, and P1 and P2 pressures are 
supplied from the upstream and downstream sides re 
spectively, of orifice 72 to the opposite ends of the valve 
spool 54 as described above. The output from the sec 
ondary pump continuously flows into chamber 52 of the 
spool valve which, at low speed, is biased by the spring 
66 to divert all or substantially all of the secondary 
pump output through check valve 70 to be combined 
with the primary pump output downstream of the ad 
justable flow orifice. At such low speeds, pressure drop 
across the adjustable orifice will be insufficient, when 
applied to the opposing ends of the spool valve, to shift 
the valve. As flow increases, however, the pressure 
differential across the adjustable orifice 72 increases, 
and the higher P1 pressure applied to the end of the 
valve spool opposite the spring will start to shift the 
spool 54 in a direction to divert a portion of the second 
ary pump output directly into secondary outlet passage 
28 to be returned to sump when the system is operated 
as an unloading valve or to be directed to a power 
beyond circuit when operated as a sequencing valve. 
When pressure in the secondary pump outlet (Po) drops 
below that of P2 pressure, as a result of secondary pump 
outlet being vented to sump, flow from the primary 
pump back through the spool valve is prevented by 
check valve 70. Check valve 70 will also close at any 
time during operation in a power beyond circuit when 
Po is less than the sum of the P2 pressure and the pres 
sure drop across the check valve. 

Reducing the speed of the primary pump will, of 
course, reverse the cycle just described. Thus, since the 
output of the primary and secondary pumps are directly 
proportional to drive speed, a decrease in pump speed 
produces a corresponding decrease in flow and the 
pressure differential across the adjustable flow sensing 
orifice 72 decreases until valve spool 54 starts to shift in 
a direction away from the biasing spring to direct a 
portion of the secondary pump flow into the primary 
valve outlet 24. This will continue until the speed is 
reduced to the point that all flow from both pumps is 
again discharged from the primary outlet. 
To operate the valve assembly in a pressure sensing 

mode, the adjustable flow sensing orifice assembly 72 is 
removed and the orifice assembly opening in the hous 
ing 14 is closed by a suitable plug whereby primary 
pump discharge flows unobstructed from the primary 
valve inlet 18 to the primary outlet hose 22. Also, the 
fixed orifice plug 108 is installed in passage 40 as de 
scribed above. Because of the small diameter of the 
orifice 110 in plug 108, the P2 orifice filter assembly 
should always be used in conjunction with the fixed 
orifice to assure against any foreign material obstructing 
the orifice and interfering with the pressure sensing 
capability of the system. The pressure sensing relief 
valve 48 is set to start opening when pressure in the 
primary outlet reaches the level where it is desired to 
start diverting secondary flow from the primary outlet. 
Since the adjustable flow sensing orifice 72 is not used, 
P1 pressure will be supplied to the filter cavity 80 and to 
the upstream side of fixed orifice 110. 

In this pressure sensing mode of operation, the filter 
82, fixed orifice 110, and the pressure sensing relief 
valve assembly 48 provide the pressure sensing function 
to control fluid pressure to the spring biased end of the 
spool valve. As described above, the relief valve assem 
bly 48 is an adjustable direct spring valve such that 
valve member 92 will start to open when the force 
exerted by the pressure fluid entering inlet 90 exceeds 
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8 
the selected load set by the spring adjustment. Initially, 
pressure on each side of the orifice 110 will be equal 
since valve 48 will be closed and there will be no flow 
across the orifice. When the valve unseats, however, 
pressure fluid is dumped to drain through the relief 
valve, producing a flow through fixed orifice 110 which 
results in a reduced pressure P2 on the downstream side 
of the orifice and the pressure to the spring biased end 
of the valve spool. As P1 pressure increases, valve mem 
ber 92 will move further from seat 94, permitting an 
increased flow through the valve 48 and producing an 
increased pressure drop across orifice 110 and conse 
quently a greater pressure differential is applied to the 
pressure chamber at opposite ends of the valve spool. 
As indicated above, fluid bled from the system 

through the pressure sensing relief valve 48 may be 
returned to the sump through an internal drain when 
the system is acting as an unloading valve, or through 
an external drain when the system is acting as a se 
quence valve providing pressure fluid to a power be 
yond circuit. 
From the above, it is believed apparent that the pres 

sure sensing relief valve may be manually adjusted to 
select the pressure at which it is desired to divert the 
secondary pump outlet from the primary outlet port. 
Before the pressure sensing relief valve opens, the equal 
pressure applied to both ends of the valve spool enables 
biasing spring 66 to shift spool 54 to direct all secondary 
pump output to the primary valve outlet. Once the 
pressure relief valve setting pressure is reached, further 
increases in system pressure will produce a progres 
sively greater pressure sensing valve opening to bleed 
progressively more fluid from the downstream side of 
orifice 110 until spool 54 is shifted to divert all second 
ary pump output to the secondary outlet. 

Again, it is believed apparent that the system will 
function in essentially the reverse manner upon a reduc 
tion in system pressure. 
The system will also function in a combined flow 

sensing and pressure sensing mode simply by utilizing 
both the adjustable flow sensing orifice and the fixed 
orifice and pressure sensing relief valve in the same 
combination. In this embodiment, pressure drop across 
the adjustable flow sensing orifice will continuously 
provide a differential pressure to the two ends of the 
spool valve 54 as in the flow sensing only mode, and the 
system will function in exactly the same manner as in 
the flow sensing only mode until the P2 pressure reaches 
the value set in the pressure sensing relief valve. Above 
this pressure, the pressure sensing relief valve will act to 
amplify the pressure differential on the two ends of the 
valve in the manner described with respect to the pres 
sure sensing only mode, and movement of the spool 
valve will be accelerated. Adjustment to the pressure 
sensing relief valve and the adjustable flow sensing 
orifice enables an infinite number of combination set 
tings, within pump operating limits, on a fixed displace 
ment variable speed pump drive system. 

Referring now to FIG. 5, it is seen that the unload 
ing and sequencing valve assembly 4 of the present 
invention is readily adaptable to remote pressure cons 
trol. To accomplish this, valve 48 is provided with a 
threaded opening 112 which communicates with an 
enlarged chamber in inlet 90, and a threaded fitting 114 
connects one end of an elongated tubular conduit 116 in 
the outlet 112. Tube 116 has its other end connected by 
threaded fitting 118 to a remote pressure relief valve 
148. Valve 148 preferably is substantially identical to 
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valve 48 but has its inlet 90 closed as by plug 120 and its 
drain 100 connected to a drain conduit 122. The manu 
ally operable threaded pressure adjusting screw 98 of 
valve 148 enables selective adjustment of sensing pres 
sure from a remote area such as in the operator's cab of 
a vehicle or at the operator's console of a stationary 
hydraulic system. The sensing pressure of valve 48 is set 
at a level higher than that to be selected at the remote 
sensing valve 148 so that unloading or sequencing of the 
main valve assembly 10 is controlled by valve 148. 
However, valve 48 will still act as a safety or relief 
valve by functioning in its normal manner in the event 
valve 148 is inadvertently set to unload valve assembly 
10 at an excessively high pressure. Remote sensing as 
illustrated in FIG. 15 may be employed in the pressure 
sensing only mode or in the combined flow sensing and 
pressure sensing mode as described hereinabove. 
FIG. 16 illustrates a modification which enables re 

mote selection between multiple preset operating pres 
sures for the pressure sensing relief valve control of the 
unloading and sequencing valve. In this arrangement, a 
selectively energizable solenoid actuated pressure sens 
ing and relief valve 248 is mounted on housing 14 and 
has its inlet and outlet drains connected in series with 
those of valve 48. Valve 248 is preset to the lowest 
desired sequencing or unloading pressure while valve 
48 is set at the highest desired sequencing or unloading 
pressure. It should also be pointed out that a plurality of 
valves 248 may be connected in parallel between valve 
body 14 and valve 48, with the pressure setting on suc 
cessive valves 248 being progressively higher from 
valve body 14 of the valve 48. 
Valve 248 is similar to valve 48 except that in valve 

248 P2 pressure is directed through inlet passage 124 to 
an inlet chamber 126 containing a solenoid actuated 
two-way valve assembly 128. Two-way valve 128 may 
be a normally opened or normally closed valve, with 
the position of the valve being controlled by a solenoid 
130 which may be selectively actuated from a remote 
station to direct P2 pressure either to chamber 132 to act 
on valve member 134 in the manner described above 
with respect to valve 48 or to direct P2 pressure to an 
outlet port 136 communicating withinlet 90 of valve 48. 
As shown in FIG. 16, drain 100 of valve 48 communi 
cates with a passage 138 which, in turn, communicates 
with drain 140 of valve 248. 

In operation of the system employing multiple pres 
sure sensing, the operator may selectively energize or 
deenergize solenoid 130 to direct P2 pressure to the 
valve element 132 in valve 248 or to isolate valve mem 
ber 132 and direct pressure to valve element 92 in valve 
48. When low pressure unloading or sequencing is de 
sired, valve 48 will thus be isolated and valve 248 will 
function in the same manner described above with re 
gard to valve 48. Conversely, when a higher unloading 
or sequencing pressure is desired, solenoid 130 is actu 
ated to direct P2 pressure to inlet 90 and valve 48 will 
function to control the unloading or sequencing of 
valve assembly 10 while valve 248 remains isolated. 

It is believed apparent, also, that a remote adjustable 
pressure sensing relief valve 148 could be employed to 
enable selective adjustment of the unloading pressure of 
valve 48 used in conjunction with one or more preset 
solenoid activated valves 248. Further, when a plurality 
of solenoid-actuated valve 248 are connected in parallel 
between valve body 14 and valve 48 to enable selection 
between a plurality of preset unloading or sequencing 
pressures, the solenoids of the respective valves 248 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

10 
should be connected in a control circuit so that when a 
desired unloading pressure is selected by the operator, 
the solenoids of all valves 248 having a lower pressure 
setting will be activated to direct P2 pressure fluid to the 
selected valve. The advantage to such multiple pressure 
sensing, remote control is that it allows many machine 
logic functions to be satisfied in installations where it is 
desired or required to sequence or unload hydraulic 
pump flow as a function of more than one preset pres 
sure. By utilizing a plurality of adjustable pressure sens 
ing modules employing the two-way solenoid valves, 
the capability of quickly switching between various 
preset unloading pressures is easily achieved, and of 
course remote adjustment of the upper pressure is avail 
able if desired. 

Referring now to FIG. 17, an alternate embodiment 
of the invention is illustrated wherein a selectively oper 
able pneumatic actuator 142 is mounted in a threaded 
bore 144 formed in and extending through the end cap 
56. Actuator 142 includes a cylinder 146 having an air 
inlet 150 adjacent its closed end, and a piston 152 
mounted on a rod 154 is slidably mounted in the cylin 
der with the free end of rod 154 in engagement with the 
end face of valve member 54. A suitable selectively 
operable valve 145 connected in line 147 may be actu 
ated to direct air, under pressure, into the cylinder 146 
to act upon piston 152 to apply a force, through rod 154 
to the valve member 54 to shift the valve member 
against the force of spring 66 and P2 pressure acting on 
the opposite end of the valve spool to quickly shift the 
valve to direct secondary pump output to the secondary 
outlet 28. It should be apparent, however, that in the 
absence of the application of pneumatic pressure to the 
air actuator 142, the valve assembly will function in the 
manner described hereinabove with regard to FIGS. 
1-14. At the same time, if for any reason the operator 
deems it necessary or desirable to unload the pneumatic 
circuit, he can do so without regard to pump speed or 
pressure simply by energizing the air actuator in the 
manner described. It should also be apparent that this 
arrangement may be employed to assist P1 pressure in 
shifting the valve member 54 by the application of air at 
relatively low pressure to the cylinder 146. Thus, this 
arrangement may be employed selectively to unload the 
system at a lower hydraulic pressure differential across 
the valve spool than would be required in the absence of 
the air pressure to cylinder 146. 

In a further modification of the invention, the 
threaded adjusting assembly of pressure sensing relief 
valve 48 is replaced with a proportional solenoid having 
a plunger acting on the internal valve member 92 in a 
direction tending to seat the valve member against P2 
pressure applied to the valve. The proportional solenoid 
applies a plunger pressure varying directly with current 
applied to the coil, and unloading pressure can therefore 
be readily adjusted from any remote location by simply 
turning the knob of a potentiometer connected in the 
circuit of the proportional solenoid. 
While various embodiments and modifications of the 

invention have been disclosed and described, it is be 
lieved apparent that other modifications might readily 
be made and it should therefore be understood that it is 
not intended to be restricted solely to the disclosed 
embodiments but rather it is intended to include all 
embodiments which would be apparent to one skilled in 
the art and which come within the spirit and scope of 
the invention. 
What is claimed: 
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1. In a hydraulic system employing primary and sec 
ondary pumps for supplying fluid under pressure to a 
hydraulic circuit for use and control valve means con 
nected to the primary and secondary pumps for control 
ling the flow of fluid to the hydraulic circuit, the in 
provement wherein said control valve means com 
prises, 

a valve housing having primary and secondary fluid 
inlets adapted to be connected to the primary and 
secondary pumps, respectively, to receive pressure 
fluid from the pumps, 

an elongated valve spool mounted for axial sliding 
movement in an elongated valve chamber in said 
housing, said valve spool having end walls cooper 
ating with said valve chamber to define a fluid 
chamber at each end of said valve spool and a 
reduced diameter portion intermediate said end 
walls cooperating with said valve chamber tc de 
fine a movable secondary flow chamber in fluid 
communication with said secondary inlet, 

a primary flow channel in said housing connected 
with said primary inlet and terminating in a pri 
mary outlet, 

a removable flow sensing orifice assembly mounted 
in said housing, said orifice assembly including an 
adjustable orifice disposed in said primary flow 
channel for producing a pressure drop therein, 

a first pilot fluid pressure passage extending between 
said primary flow channel upstream of said adjust 
able orifice and one of said fluid chambers and a 
second pilot fluid pressure passage extending be 
tween said primary flow passage downstream of 
said adjustable flow orifice and the other said fluid 
chamber, 

first resilient means continuously biasing said valve 
spool toward said one fluid chamber, 

a secondary discharge channel having one end com 
municating with said movable secondary flow 
chamber and its other end defining a secondary 
outlet, 

a secondary fluid pressure passage extending between 
said movable secondary flow chamber and said 
primary fluid channel, and 

one-way check valve means mounted in said second 
ary fluid pressure passage and operable to prevent 
the flow of pressure fluid from said primary flow 
channel to said movable secondary flow chamber, 

said first resilient means and the pilot fluid pressure in 
said other fluid chamber continuously urging said 
valve spool toward said one fluid chamber to direct 
pressure fluid from said secondary pump through 
said movable secondary flow chamber and said 
secondary pressure passage to said primary flow 
channel, said valve spool being moved toward said 
other fluid chamber by pressure in said one fluid 
chamber to thereby direct fluid from said second 
ary pump through said movable secondary flow 
chamber to said secondary discharge channel when 
flow through said adjustable orifice produces a 
predetermined pressure drop across the orifice. 

2. The invention defined in claim 1 further compris 
ing first pressure relief valve means mounted on said 
housing and including a valve body having an inlet 
connected in said second pilot fluid pressure passage 
and a drain outlet, a valve seat between said inlet and 
said outlet, a movable valve member, and second resil 
ient means normally urging said movable valve member 
into engagement with said valve seat to prevent the 
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12 
flow of fluid through said first pressure relief valve 
means below a predetermined pressure in said primary 
flow channel downstream of said adjustable orifice, said 
second resilient means permitting said first pressure 
relief valve means to open to bleed fluid from said sec 
ond pilot fluid pressure passage above said predeter 
mined pressure to thereby reduce the pilot fluid pres 
sure applied to said other fluid chamber. 

3. The invention defined in claim 2 wherein said first 
pressure relief valve means further comprises means 
operable to adjust the force exerted by said second 
resilient means on said movable valve member to 
thereby vary the pressure at which said first pressure 
relief valve means opens. 

4. The invention defined in claim 3 wherein said sec 
ond resilient means comprises a spring mounted within 
said valve body and engaging said movable valve men 
ber, and adjustable means for varying the force exerted 
by said spring on said valve member. 

5. The invention defined in claim 2 wherein said con 
trol valve means comprises drain means including an 
internal drain channel formed in said housing, said drain 
channel having an open inlet in fluid communication 
with said drain outlet of said first pressure relief valve 
and an outlet end communicating with said secondary 
discharge channel to provide internal drainage for said 
first pressure relief valve when said control valve is 
operated as an unloading valve and said secondary dis 
charge channel is not pressurized. 

6. The invention defined in claim 5 further compris 
ing means for closing said drain channel internally of 
said housing to prevent flow of fluid between said drain 
channel and said secondary discharge channel, and an 
external drain adapted to be connected in fluid commu 
nication with said internal drain channel to provide 
external drainage for said first pressure relief valve 
when said control valve is operated as a sequencing 
valve and said secondary discharge channel is pressur 
ized. 

7. The invention defined in claim 2 further compris 
ing a fixed flow restricting orifice in said second pilot 
fluid pressure passage upstream of said first pressure 
relief valve means whereby, when said pressure relief 
valve is open to produce a fluid flow in said second pilot 
fluid pressure passage, a pressure drop is produced 
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across said fixed orifice. 
8. The invention defined in claim 7 wherein said first 

pressure relief valve means further comprises means 
operable to adjust the force exerted by said second 
resilient means on said movable valve member to 
thereby vary the pressure at which said first pressure 
relief valve means opens. 

9. The invention defined in claim 8 wherein said sec 
ond resilient means comprises a spring mounted within 
said valve body and engaging said movable valve mem 
ber, and adjustable means for varying the force exerted 
by said spring on said valve member. 

10. The invention defined in claim 9 wherein said 
control valve means comprises drain means including 
an internal drain channel formed in said housing, said 
drain channel having an open inlet in fluid communica 
tion with said drain outlet of said first pressure relief 
valve and an outlet end communicating with said sec 
ondary discharge channel to provide internal drainage 
for said first pressure relief valve when said control 
valve is operated as an unloading valve and said second 
ary discharge channel is not pressurized. 
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11. The invention defined in claim 10 further com 
prising means for closing said drain channel internally 
of said housing to prevent flow of fluid between said 
drain channel and said secondary discharge channel, 
and an external drain adapted to be connected in fluid 
communication with said internal drain channel to pro 
vide external drainage for said first pressure relief valve 
when said control valve is operated as a sequencing 
valve and said secondary discharge channel is pressur 
ized. 

12. The invention defined in claim 7 wherein said 
valve housing is adapted to be mounted directly onto 
the bearing carrier housing of a dual outlet pump assen 
bly with said primary and secondary inlets in direct 
fluid communication one with each outlet of said pump 
assembly. 

13. The invention defined in claim 10 further com 
prising at least one selectively operable pressure relief 
valve mounted between said housing and said first pres 
sure relief valve, said at least one selectively operable 
pressure relier valve having an inlet and a drain outlet 
connected in parallel with the inlet and drain outlet, 
respectively of said first pressure relief valve means and 
each said selectively operable pressure relief valve hav 
ing a two-way valve connected in its inlet, each said 
two-way valve being operable to selectively direct fluid 
pressure from said second pilot fluid pressure passage to 
the associated pressure relief valve or to the next suc 
cessive pressure relief valve inlet, the opening pressure 
of said selectively operable pressure relief valves and 
said first pressure relief valve increasing progressively 
from the first said selectively operable pressure relief 
valve mounted on said housing to said first pressure 
relief valve. 

14. The invention defined in claim 13 wherein each 
said selectively operable pressure relief valve comprises 
solenoid means operably connected to said two-way 
valve, each said solenoid means being selectively opera 
ble to control operation of the associated two-way 
valve. 

15. The invention defined in claim 9 further compris 
ing second pressure relief valve means including a valve 
body having an inlet connected in fluid communication 
with the inlet of said first pressure relief valve means 
and an outlet, said second pressure relief valve means 
being normally closed to prevent the flow of fluid there 
through and being opened by application of fluid pres 
sure to its inlet, the pressure at which said second pres 
sure relief valve means opens being less than the pres 
sure at which said first pressure relief valve means 
opens. 

16. The invention defined in claim 15 further con 
prising adjusting means operable to vary the pressure at 
which said second pressure relief valve means opens. 

17. The invention defined in claim 2 further compris 
ing a plunger mounted on said housing and extending 
into said one fluid chamber and engaging the end wall 
of said valve spool, said plunger being supported for 
axial sliding movement, and selectively operable means 
for applying a force to said plunger tending to move 
said valve spool in a direction to direct secondary pump 
output to said secondary discharge channel. 

18. In a hydraulic system employing primary and 
secondary pumps for supplying fluid under pressure to 
a hydraulic circuit for use and control valve means 
connected to the primary and secondary pumps for 
controlling the flow of fluid to the hydraulic circuit, the 
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14 
improvement wherein said control valve means com 
prises, 

a valve housing having primary and secondary fluid 
inlets adapted to be connected to the outlets of the 
primary and secondary pumps, respectively, 

elongated valve chamber formed in said housing, 
an elongated valve spool mounted for axial sliding 
movement in said valve chamber, said valve spool 
having end walls cooperating with said valve 
chamber to define a pressure chamber at each end 
of said valve spool and a reduced diameter portion 
intermediate said end walls and cooperating with 
said valve chamber to define a movable secondary 
flow chamber in fluid communication with said 
secondary inlet, 

a primary flow channel in said valve body connected 
with said primary inlet and terminating in a pri 
mary outlet, 

a first pilot fluid passage extending between said pri 
mary flow channel and one of said pressure cham 
bers and a second pilot fluid passage extending 
between said primary flow passage and the other of 
said pressure chambers, 

first pressure sensing relief valve means including a 
valve body having an inlet chamber connected in 
fluid communication with said second pilot fluid 
pressure passage, a drain outlet, a valve seat and a 
movable valve member between said inlet chamber 
and said drain outlet, and first resilient means nor 
mally urging said movable valve member into en 
gagement with said valve seat to prevent the flow 
of fluid through the pressure relief valve means 
below a predetermined pressure in said primary 
flow channel, said first resilient means permitting 
said pressure relief valve means to open to bleed 
fluid from said second pilot fluid pressure passage 
through said drain outlet at pressures in said pri 
mary flow channel above said predetermined pres 
Stre, 

a fixed flow restricting orifice in said second pilot 
fluid pressure passage upstream of said pressure 
sensing relief valve, said fixed orifice producing a 
pressure differential thereacross when said pressure 
sensing relief valve is open to produce a flow 
through said second pilot fluid pressure passage, 

second resilient means continuously biasing said 
valve spool toward said one pressure chamber, 

a secondary flow channel in said housing having one 
end communicating with said movable secondary 
flow chamber and its other end defining a second 
ary outlet, 

a secondary fluid pressure passage extending between 
said movable secondary flow chamber and said 
primary flow channel, 

one-way check valve means disposed in said second 
ary fluid pressure passage operable to prevent the 
flow of pressure fluid from said primary flow chan 
nel to said movable secondary flow chamber, 

said second resilient means and the pressure of fluid in 
said other pressure chamber supplied from said 
second pilot fluid pressure passage continuously 
urging said valve spool toward said one pressure 
chamber to provide fluid communication between 
said movable secondary flow chamber and said 
primary flow passage through said secondary fluid 
pressure passage, said valve spool being moved 
toward said other pressure chamber to provide 
fluid communication between said movable sec 
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ondary flow chamber and said secondary flow 
channel by pressure fluid directed through said 
first pilot flow passage when the pressure in said 
one pressure chamber exceeds the pressure in said 
other pressure chamber by a predetermined 
amount. 

19. The invention defined in claim 18 wherein said 
valve housing is adapted to be mounted directly onto 
the bearing carrier housing of a dual outlet pump assen 
bly with said primary and secondary inlets in direct 
fluid communication one with each outlet of said pump 
assembly. 

20. The invention defined in claim 18 wherein said 
first pressure sensing relief valve means further com 
prises means operable to adjust the force exerted by said 
first resilient means on said movable valve member to 
thereby vary the pressure at which said first pressure 
sensing relief valve means opens. 

21. The invention defined in claim 20 wherein said 
first resilient means comprises a spring mounted within 
said valve body and engaging said movable valve mem 
ber, and adjustable means for varying the force exerted 
by said spring on said valve member 

22. The invention defined in claim 21 wherein said 
control valve means comprises drain means including 
an internal drain channel formed in said housing, said 
drain channel having an open inlet in fluid communica 
tion with said drain outlet of said first pressure sensing 
relief valve means and an outlet end communicating 
with said secondary discharge channel to provide inter 
nal drainage for said first pressure sensing relief valve 
means when said control valve is operated as an unload 
ing valve and said secondary discharge channel is not 
pressurized. 

23. The invention defined in claim 22 further com 
prising means for closing said drain channel internally 
of said housing to prevent flow of fluid between said 
drain channel and said secondary discharge channel, 
and an external drain adapted to be connected in fluid 
communication with said internal drain channel to pro 
vide external drainage for said first pressure sensing 
relief valve means when said control valve is operated 
as a sequencing valve and said secondary discharge 
channel is pressurized. 

24. The invention defined in claim 21 further com 
prising at least one selectively operable pressure sensing 
relief valve mounted between said housing and said first 
pressure sensing relief valve means, said at least one 
selectively operable pressure relief valve having an inlet 
and a drain outlet connected in parallel with the inlet 
and drain outlet, respectively of said first pressure relief 
valve means, each said selectively operable pressure 
sensing relief valve having a two-way valve connected 
in its inlet, each said two-way valve being operable to 
selectively direct fluid pressure from said second pilot 
fluid pressure passage to the associated pressure relief 
valve or to the next successive pressure sensing relief 
valve inlet, the opening pressure of said selectively 
operable pressure sensing relief valve means and said 
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sure sensing relief valve mounted on said housing to 
said first pressure sensing relief valve. 

25. The invention defined in claim 24 wherein each 
said selectively operable pressure sensing relief valve 
means comprises solenoid means operably connected to 
said two-way valve, each said solenoid means being 
selectively operable to control operation of the associ 
ated two-way valve. 

26. The invention defined in claim 21 further con 
prising second pressure sensing relief valve means in 
cluding a valve body having an inlet connected in fluid 
communication with the inlet of said first pressure sens 
ing relief valve means and a drain outlet, said second 
pressure sensing relief valve means being normally 
closed to prevent the flow of fluid therethrough and 
being opened by application of fluid pressure to its inlet, 
the pressure at which said second pressure sensing relief 
valve means opens being less than the pressure at which 
said first pressure sensing relief valve means opens. 

27. The invention defined in claim 26 further com 
prising adjusting means operable to vary the pressure at 
which said second pressure sensing relief valve means 
opens. 

28. The invention defined in claim 27 wherein said 
valve housing is adapted to be mounted directly onto 
the bearing carrier housing of a dual outlet pump assem 
bly with said primary and secondary inlets in direct 
fluid communication one with each outlet of said pump 
assembly. 

29. The invention defined in claim 28 wherein said 
control valve means comprises drain means including 
an internal drain channel formed in said housing, said 
drain channel having an open inlet in fluid communica 
tion with said drain outlet of said first pressure sensing 
relief valve means and an outlet end communicating 
with said secondary discharge channel to provide inter 
nal drainage for said first pressure sensing relief valve 
means when said control valve is operated as an unload 
ing valve and said secondary discharge channel is not 
pressurized. 

30. The invention defined in claim 29 further con 
prising means for closing said drain channel internally 
of said housing to prevent flow of fluid between said 
drain channel and said secondary discharge channel, 
and an external drain adapted to be connected in fluid 
communication with said internal drain channel to pro 
vide external drainage for said first pressure sensing 
relief valve means when said control valve is operated 
as a sequencing valve and said secondary discharge 
channel is pressurized. 

31. The invention defined in claim 18 further con 
prising a plunger mounted on said housing and extend 
ing into said one pressure chamber and engaging the 
end wall of said valve spool, said plunger being sup 
ported for axial sliding movement, and selectively oper 
able means for applying a force to said plunger tending 
to move said valve spool in a direction to direct second 
ary pump output to said secondary fluid pressure pass 

first pressure sensing relief valve means increasing pro- 60 sage. 
gressively from the first said selectively operable pres 
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